A procedure for the preparation of a copper(II) complex (CuFL) as a fluorescent nitric oxide (NO) detector is described. The fluorescein-based ligand FL can be synthesized in seven reaction steps (overall yield B20%), typically requiring a total time of 9 days. The CuFL probe allows for the detection of NO produced in mammalian cultured cells. The detailed protocol for the use of CuFL for imaging NO in human neuroblastoma SK-N-SH cells takes a total time of B26 h. This includes plating cells on six-well tissue culture plates or imaging dishes, treatment with CuFL, stimulation of NO synthases and imaging by fluorescence microscopy.
INTRODUCTION
The free radical NO as a signaling messenger regulates a variety of biological activities [1] [2] [3] [4] [5] . To ascertain the roles of NO in biological contexts, a tool capable of revealing its location and movement upon production is needed. Small-molecule-based sensors in conjunction with fluorescence microscopy have proven useful in visualizing biological analytes such as Ca(II), Zn(II) and reactive oxygen species (i.e., hydrogen peroxide, superoxide, hydroxyl radical and singlet oxygen) with spatial and temporal resolution [6] [7] [8] [9] . Fluorescent sensors for imaging NO and its derivatives have also been developed and applied to biological samples [10] [11] [12] [13] [14] . Organic molecule-based indicators have commonly been used for imaging NO, but they exhibit a fluorescence response to products of NO oxidation, such as N 2 O 3 , and thus detect NO only indirectly 10, 11, 14 . To monitor NO directly, we have explored transition-metal-based sensors that can display an increase in fluorescence through interaction of NO with the metal center 11, 13 .
Recently, we developed a transition-metal complex CuFL (Fig. 1 , FL ¼ 2-{2-chloro-6-hydroxy-5-[(2-methyl-quinolin-8-ylamino)-methyl]-3-oxo-3H-xanthen-9-yl}-benzoic acid), which offers direct sensing of NO 12, 13, 15 . The CuFL probe is prepared in situ by mixing FL with copper(II) chloride (CuCl 2 ) in the ratio of 1:1. The supporting ligand FL for Cu(II) is a fluorescein derivative and can be synthesized from phthalic anhydride, 4-chlororesorcinol, 2-methylresorcinol and 8-aminoquinaldine as described in Figure 2 (see refs. 12, 16, 17) . Studies of CuFL in aqueous buffered solution (pH 7.0) suggest that it immediately exhibits a NO-induced 11-fold increase in fluorescence 12, 15 . Furthermore, the molecule CuFL shows fluorescence turn-on upon NO production in cells 12 . The protocol outlined below summarizes the preparation and usage of CuFL to image NO in mammalian cultured cells such as human neuroblastoma SK-N-SH cells. . Aluminum foil . Aluminum oxide (Aldrich, 199974) . 8 -Aminoquinaldine (purity 498%; TCI, A0416) . Magnesium sulfate (MgSO 4 , anhydrous; EMD, MX0075-1) . 1,1¢-Azobis(cyclohexanecarbonitrile) (VAZO 88, purity 98%; Aldrich, 380210) . Benzoic anhydride (purity 90%; Aldrich, 385980) . 4 
PROCEDURE
Synthesis of 2¢-carboxy-5-chloro-2,4-dihydroxybenzophenone (1) TIMING B1 day 1| Weigh 9.0 g of phthalic anhydride (61 mmol) and 8.5 g of 4-chlororesorcinol (59 mmol) and transfer them to a 300-ml round-bottomed flask containing a Teflon-coated magnetic stir bar 16 .
2| Transfer 150 ml of C 6 H 5 NO 2 to the flask and cool it in an ice bath.
3| Slowly add 18 g of AlCl 3 (0.14 mol) in three equal portions over 1 h. Stir the reaction mixture in the same bath (Step 2) overnight while warming to room temperature (B22 1C). ! CAUTION Handle with care, as the addition of AlCl 3 may cause explosions. m CRITICAL STEP The aliquots of AlCl 3 must be weighed out immediately before use with a dry spatula (AlCl 3 is highly hydroscopic). 4| Dilute the reaction mixture with 700 ml of 0.1 M HCl (aq) and 100 ml of hexanes and collect the black-brown precipitate that forms by filtering through a glass frit into a filter flask.
5| Wash the solid with hexanes and H 2 O and dry it for 1 h under vacuum.
6| Dissolve the crude product in a minimum volume of boiling CH 3 OH (B10 ml) and then add boiling H 2 O (B60 ml) to recrystallize.
7| Allow the solution to cool to room temperature. ' PAUSE POINT Store the solution in a refrigerator (4 1C) overnight.
8| Collect the brown crystalline product by using a glass frit and a filter flask and dry it under vacuum. Please note that 1 can be recrystallized more than once to afford the pure product. ' PAUSE POINT Compound 1 can be stored at 4 1C for at least 3 years.
Synthesis of 2¢-chloro-5¢-methylfluorescein (2) TIMING B4 h 9| Weigh out 5.0 g of 1 (17 mmol) and 2.1 g of 2-methylresorcinol (17 mmol) (see ref. 16 ).
10| Grind these compounds with a mortar and a pestle into a homogeneous mixture and transfer them into a 100 ml round-bottomed flask.
11| Heat the reaction mixture to 150 1C by using a heating mantle to melt it into an off-white sticky material (could also be a brown liquid).
12| Add 2.3 g of ZnCl 2 (0.11 mol) gradually over 35 min. Cover the whole surface of the reaction mixture with the portions of ZnCl 2 . The reaction turns deep red when ZnCl 2 is added. m CRITICAL STEP ZnCl 2 should be a fine powder; the presence of aggregates (clumps) in the material would indicate water contamination, which should be avoided, see REAGENT SETUP.
13| Slowly increase the temperature to 250 1C over 30 min. Mix the reaction mixture with a spatula, keep it at this temperature for 10 min and cool it to room temperature to give a solidified material.
14| Remove the brick red solid from the round-bottomed flask and pulverize the brick red solid with a mortar and a pestle. Note that it is helpful to freeze the reaction flask with liquid nitrogen to obtain the solid. ! CAUTION Be careful not to break the round-bottomed flask when trying to remove the solid.
15|
Transfer the solid to a beaker containing 250 ml of 3 M HCl (aq) and a Teflon-coated magnetic stir bar and boil for 30 min by using an oil bath.
16| Collect the red solid by filtering through a glass frit into a filter flask after cooling the solution to room temperature. 19| Transfer them into a 250 ml round-bottomed flask and add 75 ml of pyridine.
20| Reflux the solution under N 2 atmosphere (flowing N 2 (g)) for 2.5 h by using a condenser and an oil bath (B120 1C). To produce a N 2 atmosphere in the reaction apparatus, insert an inlet from a Schlenk line connected to a N 2 (g) tank and an outlet (connected to a bubbler) to the top of the condenser. Open the gas manifold to obtain a continuous (but controlled) flow of gas through the system (as monitored through the bubbler installed at the end of the line).
21| Cool the dark-brown solution to 90 1C and pour it into a beaker containing at least 300 ml of water. ! CAUTION Handle the hot solution with care.
22| Stir the solution vigorously from which a brown sticky solid separates. 
days to obtain a light tan powder. Frequently change water during the first day. This procedure can be prolonged for an entire week to collect most of the light tan materials.
24|
Collect the powder by filtering through a glass frit into a filter flask and dry it in air.
25| Partially dissolve the powder with a minimum volume of toluene (B3 ml) and add EtOH (B50 ml) to prompt precipitation of an off-white solid.
26| Collect the off-white precipitate 3 by filtration through a glass frit and wash it with EtOH. Dry it under vacuum. Note that the solid includes 3 and 4¢,5¢-dimethylfluorescein dibenzoate (B10%). Use this material for synthesis of 4 without further purification. ' PAUSE POINT Compound 3 from Step 26 can be stored safely at 4 1C without further purification for at least 3 years. 28| Transfer compounds into a round-bottomed flask (500 ml) containing 250 ml of C 6 H 5 Cl and a Teflon-coated magnetic stir bar.
Synthesis of 7¢-chloro-4¢-bromomethylfluorescein dibenzoate (4) TIMING
29| Stir the reaction mixture at room temperature and add 100 ml of HOAc. Heat the solution to 60 1C for 48 h under N 2 atmosphere (see Step 20 for details on how to obtain a nitrogen atmosphere in the reaction vessel) and then cool it to room temperature. Note that the reaction may take 4-6 days or longer (addition of VAZO 88 every day may help the progress of the reaction) and should be monitored by 1 H NMR spectroscopy to check for the disappearance of the CH 3 resonance (B2.3 p.p.m.) of 3 and for the appearance of the CH 2 Br resonance (B4.8 p.p.m.) of 4. m CRITICAL STEP Heating the solution above 60 1C will cause the reaction to fail.
30| Extract the resulting orange solution with warm water (3 Â 250 ml) by using a separatory funnel.
31| Collect the organic layer in an Erlenmeyer flask and dry it adding excess anhydrous MgSO 4 (B35 mg ml À1 , shaking the solution for B3 min).
32| Filter the solution under gravity through a filter paper on a glass funnel to remove MgSO 4 and collect the filtrate in a round-bottomed flask.
33| Remove the solvent from the filtrate by using a rotary evaporator (B50 to B60 1C) to give an orange solid.
34| Partially dissolve the solid in a minimal volume of toluene (B3 ml).
35| Add B50 ml of EtOH to cause the appearance of a peach-colored powder. Collect the solid by filtration through a glass frit and dry it under vacuum. Please note that the solid also contains 4 and bis-(bromomethyl) derivative (B10%). Use this material for synthesis of 5 without further purification. ' PAUSE POINT Compound 4 from Step 35 can be stored safely at 4 1C without further purification for at least 3 years. 47| Transfer them into a round-bottomed flask (10 ml) containing a Teflon-coated magnetic stir bar and 2 ml of EtOAc (2 ml). Wrap the reaction glassware with aluminum foil. ' PAUSE POINT Stir the solution overnight at room temperature. The orange precipitate that will form in the reaction is the imine form of FL (6, 2-{2-chloro-6-hydroxy-5-[(2-methylquinolin-8-ylimino)-methyl]-3-oxo-3H-xanthen-9-yl}-benzoic acid). m CRITICAL STEP Protect the reaction mixture from light because fluorescein derivatives are light sensitive and exposure to light may lower their fluorescence response. 50| Stir the reaction mixture in the ice bath for 1 h. ' PAUSE POINT Allow the solution in the same bath to slowly warm to room temperature while stirring overnight. The solution is cloudy at the beginning of the reaction, but is clarified as the reaction progresses.
Synthesis of 7¢-chloro-4¢-fluoresceincarboxaldehyde (5) TIMING

51|
Remove the solvent by using a rotary evaporator (B40 1C) to obtain the crude product and dissolve it with a small portion of CH 3 OH (0.5 ml) and CH 2 Cl 2 (0.1 ml).
52| Load the solution on the preparative TLC plate and dry it completely in air. Note that, when the solvent is completely removed from the plate in this step, a clear band of the product appears in Step 54 below. m CRITICAL STEP If any solvent remains on the plate, the good separation of the final product will fail. m CRITICAL STEP Protect the TLC plate from light (see Step 47).
53| Fill a TLC developing chamber of the preparative TLC with CH 2 Cl 2 (67 ml) and CH 3 OH (3 ml).
54| Place the TLC plate from
Step 52 in the chamber for B2 h until the mixture of solvents covers 95% height of the plate. Cover the chamber with aluminum foil to protect it from light (see Step 47).
55| Dry the plate in air in the dark. Please note that repeating Steps 54 and 55 with the TLC plate from Step 52 can produce better separation of the product. 63| After 24 h, make sure that cells have 40-50% confluency before imaging. Take plates or dishes from the incubator and remove the media by vacuum suction. Add fresh media (1,994 or 1,996 ml for Step 64) to the plates or dishes. Incubate the plates and dishes for at least 1 h. m CRITICAL STEP Incubate the media in the incubator for at least 30 min before use, to allow equilibration of temperature and CO 2 level. Remove the old media carefully to avoid detaching cells from the dish.
64| Add 4 ml of CuFL (0.5 mM, Step 61) and 2 ml of 17b-estradiol (0.1 mM, REAGENT SETUP) into the media (1,994 ml) of dishes or plates from Step 63. Incubate the resulting mixture to allow cells to incorporate CuFL (1 mM final concentration in the media) and 17b-estradiol (100 nM). As a negative control, add only 4 ml of CuFL (0.5 mM) into the media (1,996 ml) of
Step 63 and incubate it. The compound 17b-estradiol is a stimulator of constitutive NO synthase, and its solution is thus used as a positive control. Note that the present step can also be performed in the following way: prepare the media solutions (2 ml, see CRITICAL STEP of Step 63) containing CuFL (1 mM) and 17b-estradiol (100 nM) or only CuFL (1 mM). After removing the old media from the plates or dishes from Step 63, add the freshly prepared entire media solution and incubate the resulting mixture.
65| Take out cells from the incubator and rinse at least once with PBS. After rinsing, add 2 ml of PBS to the plates or imaging dishes. m CRITICAL STEP Warm the PBS solution to 37 1C before use and wash cells carefully (see Step 63). 
